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Abstract: Phylum mollusca comprise diverse kind of animals, which are able to live on every 
possible habitat present on the planet earth, except aerial one. Due to such a wide distribution all 
over the world, these animals showed highly evolved or specialized body characters. Adaptations 
made in the body characters of these animals made them fully efficient to counteract or withstand 
with the present atmospheric conditions. Amongst these body specializations, foot or podium of 
the molluscs showed highly evolved character during the course of evolution. Along with 
locomotion, it performs the various functions such as offensive and defensive, secretory and 
anchoring etc. due to such a key characters, it is become necessary to investigate the ultrastructure 
of the podium, so as to elucidate the detailed functions and structural adaptations made in the 
podium of the different class of the molluscs. In order to concered our knowledge regarding the 
ultrastructure, one molluscan species form class gastropoda and one from pelecypoda were 
investigated in detailed. Podium from these two molluscan species showed morphological 
differentiations along with cellular distributions. Present investigations provides the 
ultrastructural peculiarities of the compared molluscan species, which helps to understand the 
ecological impact on the development of the molluscan species. 
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Introduction: 
Molluscan fauna comprises thousands of 
the species, which are able to live in the diverse 
habitat on planet earth. Due to such wide 
distribution all over the world, molluscan species 
showed wide range of morphological, cellular and 
physiological adaptations, which made them fully 
efficient to survive in nature. Podium or foot of 
molluscs is suitable example of adaptations in the 
body organization. It is organ of complex fleshy 
nature with protrucible structure. Foot as a ventral 
muscular organ includes mucus secretory cells, 
which ment for varieties of functions as lubrication, 
protection, adhesion, and locomotion (Davis, 1998, 
Parker, 1951).  Podium specifies with broad and 
flat sole by which molluscs has became motile 
(Kotpal, 1973). However, there are varieties of 
modification in the structure of foot as per 
speciation and mode of life within locomotionary 
organizations.  
Pelecypod bivalve’s lives sedentary life, 
so major modification within foot serves for 
burrowing purpose. In pelecypod bivalves foot get 
laterally compressed, tongue like feature, which is 
also called as ploughshare or hatchet and ideally 
modified for slow creeping movement on sand or 
mud. Voltzow (1994) investigated structural 
differentiation, with differences in the secretion of 
body fluids. Foot of the uninoides composed of 
integuments, which varied greatly from that of 
gastropods podium (Barnes, 1968).  Gastropod foot 
has adhesive disk like structure, which performs 
the major role to anchor with substratum. 
(Srilakshmi, 1989).  
Number of workers has studied the 
importance of foot in various physiological 
processes along with its functions. Chapron (1998) 
described role of foot in sexual alteration of 
gastropods. Biont (1967) represented the 
histochemical content of the bivalve’s foot in Arion 
rufus.  Calabro (2005) illustrated foot 
glycoconjugate histochemistry in bivalve foot. 
Recently Yamaguchi (2000), studied importance of 
molluscan foot epithelium in physiological 
processes. Structural variations in some molluscs 
was well documented by Bubel (1984) and Simkiss 
(1988). Studies showed structural and chemical 
composition of the individual molluscan species, 
with less comparative account related to cellular 
differentiations in the foot of different mollusc’s 
species for their species diversity. 
In order to elucidate the detailed 
functional organization of podium along with 
cellular content present investigation carried out 
amongst two different freshwater molluscan 
species.  Histomorphology helps to realize the 
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adaptations in podium related to locomotary 
activities.  
Material and methods: 
 For the present investigation, freshwater 
pelecypod bivalve Lamellidens corianus and 
gastropod snail Bellamya bengalensis were 
selected.  Adult healthy individuals with shell size 
110 mm to 170 mm for L. corianus and shell size 
20 to 30 mm for B. bengalensis were collected all 
along the marginal area of river Panchganga, 
Maharashtra, India. Collected species were carried 
to the laboratory and stored in to the plastic 
container for acclimatization. After 48 hours, 
acclimatization, specimens were scarified. 
Immediately after dissection foot, muscles were 
removed and fixed in Bouins fixative for 24 hrs. 
Fixation was followed by routine hydration, 
dehydration and block preparation microtechnique. 
Tissues were embedded in paraplast and further 
processed for sectioning. Sections were cut at 6 µm 
for histological analysis. For histological 
observations tissues were subjected to standard HE 
and MT techniques.  
 Tissue sections were observed under 
100X, 400X and 1000X magnification using 
Lawrence and Mayo’s Lynx trinocular microscope 
N-400M attached with Jenoptik CCD colored 
camera. Cellular differentiations of both the species 
was observed along with their count. Randomly ten 
sections were selected.  For critical analysis, 
sections were observed at higher magnifications. 
Number of cells per villi was recorded along with 
cell length and its diameter. The data obtained was 
statistically analyzed and were represented 
graphically. One way ANOVA was performed by 
applying Turkey Karman multiple comparison tests 
to determine significant level of difference. 
Results: 
Pedal morphology: 
Podium in freshwater Uninoid L. corianus was 
wedge shaped, fleshy structure, with 30 to 40 mm 
length and covered 1/4th portion of the body 
(Fig.1).  
 
Fig.1- Left view of freshwater Uninoid molluscs 
Lamellidens corianus showing typical wedge 
shaped podium.  
Gastropod snail B. bengalensis showed disk like 
podium, measuring 10 to 15 mm extended length 
(Fig. 2).   
 
Fig.2- Dorsal view of freshwater gastropod snail 
Bellamya bengalensis with disc like protruded 
podium. 
Pedal histology:  
L. corianus- 
 Histologically foot of L. corianus showed 
presence of dense folded margin with grooves and 
fissures. Magnification at 400X revealed the 
presence of ciliated columnar epithelia stained with 
blue colour or red colour, when subjected to HE 
and MT staining technique respectively. 
Mucocytes, circular muscle fibers and planter 
glands continued it. Amongst them circular muscle 
fibers and planter glands were stained with light 
blue and dark blue respectively (Fig. 3).  
 
Fig.3- Histological sections at 400 X describing 
epithelium along with sub epidermal  glands of the 
L. corianus foot stained with HE (e: epithelium,  
pg: planter glands, v: villi, mf: muscle fibers). 
At a higher magnification of 1000X elucidates 
columnar epithelium covered with cillary linings. 
Cilia with length of 2 to 7 µm scattered all over the 
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foot surface. Ciliated epithelium followed by sub-
epidermal cells, which included diverse mucocytes. 
Normally four types’ of mucocytes were observed 
viz; M-I (oval shaped) with 3 to 4 µm, M-II (rod 
shaped) with 5 to 7 µm, M-III (circular) with 1.5 to 
2.5 µm and M-IV (cup shaped) with 2 to 3 µm 
(Fig. 4 and 5).  
 
Fig.4- 1000 X magnification of L. corianus foot 
stained with MT representing shape wise 
distribution of the mucocytes (0: oval, |: rod 
shaped, ○: circular, ⌂: cup shaped). 
 
Fig.5 - 1000 X magnification of L. corianus foot 
stained with MT and HE showing size wise 
differentiation of the mucocytes and cilia 
respectively. 
These cellular differences showed differential 
properties viz. M-I with dark blue or light red, M-II 
with intense blue or light blue, M-III with light 
blue or light pink and M-IV with faint blue or 
intense pink against HE and MT staining technique 
respectively (Fig. 5 and 6).  
 
Fig.6 - Different types of mucocytes distributed per 
villi stained with HE and MT at 1000 X 
magnification for L. corianus respectively ( : 
oval, : rod shaped, : cup shaped, 
: circular). 
Mucocytes were followed by planter glands, 
circular and striated muscle fibers. Muscle fibers 
included haemocytes, heamolymph sinuses and 
densely attached striated muscle bundles forming 
mesh like network of muscle bundles. Muscle 
fibers, when subjected to MT technique showed 
blue colour, whereas haemocytes stained with pink 
color in the sectional view (Fig 7 and 8). 
 
Fig. 7 
 
Fig. 8 
Fig.7 and 8- Muscle fibers in the L. corianus foot 
stained with MT, representing mesh network of 
striated muscle fibers along with heamocytes and 
mucocytes (cml: central muscle fibers, n- nucleus, 
ml: muscular lyses). 
 B. Bengalensis- 
 Histomorphologicaly, podium of the B. 
bengalensis showed three major divisions’ viz. 
anterior, side and sole region. Histological analysis 
revealed presence of anteriorly placed marginal 
glandular cleft along with ventral pedal glands. At 
400 X magnification, densely gathered planter 
glands followed ciliated columnar epithelium. 
Ciliated columnar epithelium stained light blue or 
red in colour after subjecting to HE and MT 
technique respectively. Beneath planter glands, 
longitudinal, striated muscle fibers were observed 
(Fig. 9).  
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Fig.9- 400 X magnifications histological structure 
of the B. bengalensis foot stained with MT 
describing epithelium along with sub epidermal 
glands. (ccl: ciliated columnar epithelium,  pg: 
planter glands, mg: mucus glands, hs: heamolymph 
sinuses, r: ridges). 
At the higher magnification of 1000X cillary 
columnar epithelium linings was found. Mucocytes 
were similar with their structural and staining 
properties as that of L. corianus.  Morphological 
distribution of mucocytes were as; M-I with 5-12 
µm, M-II with 4-14 µm, M-III with 1-2 µm and M-
IV with 0.5  to 1.5 µm (Fig. 10 and 11).  
 
Fig. 10- 1000 X magnification of B. bengalensis 
foot stained with MT and HE showing size wise 
differentiation of the mucocytes and cilia 
respectively. 
 
Fig. 11 - Different types of mucocytes distributed 
per villi stained with HE and MT at 1000 X 
magnification for B. bengalensis respectively ( : 
oval, : rod shaped, : cup shaped, 
: circular). 
A planter gland cells had length of 20 to 50 µm, 
which covered maximum area of the sub epidermal 
glands (Fig. 12).  
 
Fig. 12- 1000 X magnification of B. bengalensis 
foot stained with HE showing network of planter 
gland cells. 
Muscle fibers showed average number of striated 
muscle bundles with haemocytes and excess 
amount of heamolymph sinuses in it (Fig. 13). 
 
Fig.13- Muscle fibers in the B. bengalensis foot 
stained with HE, representing mesh network of 
striated muscle fibers along with heamocytes and 
mucocytes (cml: central muscle fibers, n- nucleus, 
ml: muscular lyses). 
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Cellular modifications- 
The mean number of cells per villi observed for both the species was tabulated in the Table No.1. 
Cell types PGC M-I M-II M-III M-IV 
L.corianus 
     
 
12.4 
±2.01108 
22.4 
±1.837873 
15.3 
±1.946507 
12.1 
±1.66333 
6.5 
±1.715938 
B.bengalensis 
    
 
17.1 
±2.078995 
12.6 
±1.505545 
44.9 
±11.84577 
17.5 
±2.223611 
7.1 
± 1.911951 
 
Table-1: Various types of cells observed in the foot of selected molluscan species. 
Average cellular distribution per villi in L. corianus 
was highly significant i.e. P < 0.0001 for diverse 
kind of cell types. Planter glands of L. corianus 
were noted with significant average of 12 cells per 
villi, whereas mucocytes M-I found with average 
of 22 per villi. Mucocytes M-II, M-III and M-IV 
were with average cell count of 15, 12 and 6 cells 
per villi respectively. Cellular count in B. 
bengalensis was also highly significant i.e. P < 
0.0001. Average cells per villi were noted as 
planter glands- with 17, M-I with 12, M-II with 44, 
M-III with 17 and M-IV with 7 cells per villi (Fig. 
14). 
 
Fig. 14- Graphical presentation of comparative 
average cell count per villi of both the molluscan 
species. 
Discussion- 
 Morphometrically, podium in both the 
species differed from each other as per species 
diversity and habitat. Podium provides essential 
organ, performing various functions along with 
locomotary activities. Freshwater uninoid bivalve 
L. corianus is sedentary burrowing animal, moves 
by creeping action. Therefore, the principle 
modification in foot ment for the creeping activity. 
It modified in to wedge shaped fleshy anchor like 
structure as previously mentioned by Gosling 
(2004) in some bivalve molluscs. This anchor like 
structure i.e. foot penetrating deeply in to the mud 
by means of muscular wave generated by the 
striated and longitudinal muscle fibers. It was 
found that creeping movements in bivalve G. 
veneriformis helps to move back and forth in the 
muddy substratum without producing any jerky 
water movement to keep it buried (Park, 2012). In 
B .bengalensis foot, associated operculum helps it 
to form completely closed shell by the retraction of 
foot muscles. Similar results were recorded by 
Kumar (2013) for the histomorphological 
observations in the foot of L. luteola.  
 Histological investigations elucidate the 
unique features of the podium on both the sides as 
mentioned by Portela (2012) and Eble (2001) in 
gastropod and bivalves respectively. Foot 
epithelium of both the species showed ciliated 
columnar epithelium with numerous tiny cilia. Cilia 
provide large surface area for cellular aggregation 
and communications. Hughes (1986) explained 
major function of these cillary linings as a transport 
of mucus for locomotion, for protection and 
feeding purpose. Comparatively, cillary length 
exhibited uniform pattern of distribution in L. 
corianus, whereas B. bengalensis showed uneven 
arrangement with decreased cillary length.  
Ciliated columnar epithelia followed with 
varied types of mucocytes. Davies (1998) and 
Faillard (1972) reported that mucocytes secrets 
acidic mucus with high viscosity, which cannot be 
separated easily from epithelia and performs 
variety of functions. Comparatively, L. corianus 
showed maximum count of M-I mucocytes, which 
distributed all over the foot villi, whereas M-II and 
M-III noted with average cell count representing 
structural advancement useful for burrowing 
behavior according to Norenburg (1990).  On the 
other hand B. bengalensis showed maximum 
number of M-II mucocytes and average number of 
M-I, M-III mucocytes. M-IV mucocytes were least 
in count in both species. Varied cellular length and 
distribution of mucocytes indicated major 
adaptation for performing advancement in 
locomotary functions. Podium of B. bengalensis 
showed bigger cell size, which may adapted for 
quick response to stimuli and maximum mucus 
secretion in case of rapid movement, whereas L. 
corianus has smaller cell size because of larger 
surface area of the foot epithelium. Mucocytes end 
in to laminar region from where an enormous pedal 
gland arises and distributed all over the foot area. 
Pedal gland is common term applied for the sub 
dermal gland cells. Amongst these gland cells, 
0
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planter gland cells perform major role of pouring 
secretion of glands to the epithelium, it provides 
firm grip in locomotion. Comparatively, we 
observed that planter glands were more in B. 
bengalensis as structural modification of foot for 
grasping or holding organ. Whereas L. corianus is 
buried animal, so the structural modification 
generally used for anchoring and hence number of 
planter glands were comparatively less. 
Investigation showed fascinating adaptations in the 
podium of B. bengalensis although having smaller 
size, when compared with uninoid bivalve L. 
corianus, as typical foot structure of the molluscs. 
Investigation helps to realize the 
histomorphological alterations, which may be 
fruitful as identification keys for the particular 
molluscan species and thus used to   concord the 
diversity database in the regional area.  
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